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1. Introduction 

The ceramic fiber/whisker reinforced aluminum 

matrix composites have a considerable potential for 

providing light components exhibiting high specific 

strength with high specific stiffness excellent  wear 

resistance, low thermal expansion and improved high 

temperature properties as compares with the 

conventional materials. 

 So they have many applications such as automotive 

parts, sports goods, robot parts, electrical parts and so 

on. However, it was considered difficult to use some 

of them in the civil industry because of the high cost 

of the reinforcement and processing [1] [2]. 

Alumina reinforced Al-alloy matrix composite that 

has well wear resistance and this composite can use 

the material of any parts to need high wear resistance 

such as cylinder bore, and optimum combination of 

pistons and piston ring [3]. 

The casting processes are recognized to be the most 

advantageous because of their high productivity and 

formability. High-pressure infiltration is one of the 

casting processes used for the fabrication of MMCs, 

but it has some disadvantages such as high cost 

arising from the preparation of preforms and large 

scale facilities for high pressure infiltration [4]. 

 Low pressure infiltration process (LPI) has the 

advantage of being semi-automatic and thus reducing 

labor costs as well as obtaining a better casting 

quality and a higher yield. Cost of LPI is lower than 

that of squeeze casting and that the process provides 

a better quality than gravity casting [5]. 

 In spite of its many advantages, LPI process has 

not yet been fully appreciated and as used as widely 

as it should [6].  

Research of the microstructure around interface 

between reinforcement and matrix, and mechanical 

characteristic of alumina reinforced Al-alloy matrix 

composite that is fabricated by LPI process is not also 

fully.  

This study clarifies the microstructure of interface 

between alumina fiber and the matrix, and their 

mechanical properties, including Young’ modulus, 

indentation hardness and flexural strength were 

studied. 

 

2 Experimental and procedure 

Al2O3 short fiber (The Electro Chemical Industrial 

Ltd.) with diameter of 3.5μm and density of 

3.55Mg/m
3 
was used for the reinforcement. Chemical 

composition of fiber is 97% Al2O3 and 3% SiO2. 

Fig.1. shows the SEM images of Al2O3 fiber (a) and 

SiO2 binder on the fiber surface of preform after 

sintering (b). SiO2 binder adhered to the fiber surface 

by the thickness of 1μm. In order to fabricate the 

preform, SiO2 sol (snow-tech ZL, Nissan Chemical 

Industries, Ltd.) was used for binder and 

polyacrylamide (polystron705, Arakawa Chemical 

Industries, Ltd.) was used for coagulant. Volume 

fraction of preform is 10%. Matrix in this experiment 

was used A336 alloy, which composition 

isAl-12mass%Si-1mass%Ni-1mass%Cu-1mass%Mg. 
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Fig.1. SEM images of Al2O3 fiber (a), fiber and SiO2 

binder inside preform 

 

Fig. 2 shows a schematic of the low-pressure 

infiltration experimental apparatus. The preform was 

fixed at the bottom. Molten alloy was infiltrated to 

the upper part of the preform. The pressure of 

0.4MPa and 0.7MPa was applied to the molten alloy. 

The environment controls the vacuum and the 

atmosphere respectively, and the temperature of 

molten alloy is 1173K. 

Microstructure of interface between alumina fiber 

and the matrix was observed by FE-SEM (HITACHI 

S-5200) and SEM (HITACHI S-5000). Map analysis 

and point analysis of interface between fiber and 

matrix carried out by EDS (EDAX JAPAN Genesis 

XM2) and XRD (Mac Science M03XHF22).  

 In additions, indentation hardness and Young’s 

modulus of interface between fiber and matrix carried 

out by nano indentation test (ELIONIX ENT-1100a). 

Depth sensing indentation tests carried out using a 

diamond Berkovich indenter. Load was performed 

the constant of 30mN. Finally, flexural test carried 

out to observe an interfacial fracture behavior. The 

flexural property was evaluated by three point test 

method (ASTM C-1341). 

3 Results and discussion 

3.1 Microstructural analysis 

Fig.3 shows the SEM images and EDS analysis of 

Al2O3 fiber and SiO2 binder, Fig.4 shows the XRD 

results of Al2O3/A366 composite and matrix. 

 As seen Fig.3.(A), Al2O3 fiber was random 

distribution in matrix and interfacial layer (SiO2 

binder) between reinforcement and matrix was 

observed at from Fig.4. (B). Interfacial layer is very 

clear and bonds directly with matrix and fiber. It is 

confirmed by the presence of the γ-Al2O3, MgO from 

diffraction peaks in the XRD pattern (Fig 4) and EDS 

(Fig. 3(b),(c)). It suggests that γ-Al2O3, MgO can be 

produced as results of the interfacial reaction between 

the Al liquid and the SiO2 binder, i.e. 

4Al+3SiO2→γ-2Al2O3 +3Si, 2Mg+SiO2→2MgO+Si, 

which results in improved interfacial wettability [7] 

 
Fig. 2. Apparatus for LPI experiments 

 

and leads to an improvement in the bonding strength 

of the interface and the mechanical properties of 

composites. 

Al2O3 fiber is also confirmed by the presence of the 

MgAl2O4 from diffraction peaks in the XRD pattern 

(Fig 4) and EDS (Fig. 3(a)). It suggests that MgAl2O4 

can be produced as results of the reaction between the 

α-Al2O3 and the MgO, i.e. α-Al2O3+MgO→MgAl2O4, 

It was noticed that MgAl2O4 improve wettability, but 

decrease mechanical properties by age hardening [8] 

 

 
Fig. 3. SEM images of cross section(A), interfacial 

layer between fiber and matrix(B) and EDS results of 

each position. 

 
Fig. 4. Result of XRD (a) Al2O3/A366 composite and 

(b) matrix. 
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3.2 Indentation hardness 

Fig.5. shows the result of load - displacement curves 

of each position in the composites. The 

load-displacement curves are related to the elastic 

modulus and hardness of work materials. 

Load-displacement curves the fiber (a), interface 

between fiber and the interfacial layer (b), interface 

between fiber and the interfacial layer (d) shows a 

higher gradient compared with interfacial layer (c) 

and matrix (e). It seems that the fiber (a), interface 

between fiber and the interfacial layer (b), interface 

between fiber and the interfacial layer (d) increase 

the Young’s modulus and decrease plasticity 

compared with interfacial layer (c), matrix (e). 

Fig.6. shows the Young’s modulus and indentation 

hardness of each position of composite.  

Young’s modulus of the matrix shows the same result 

as the reference value [9]. However, Young’s 

modulus of Al2O3 fiber was considerably low 

comparison with Young’s modulus of Al2O3 which 

has 300GPa [10]. That is the same value with 

MgAl2O4 have 182GPa [11]. Therefore, Al2O3 short 

fiber changed to MgAl2O4 that produced from 

chemical reaction (α-Al2O3+MgO→MgAl2O4). 

Indentation hardness is the same tendency as 

Young’s modulus. 

3.3 Flexural strength 

Specimen of 3W×1T×26L mm with support span of 

16mm was applied to the 3 point bending test. 3 point 

bending test carried out the cross head speed of 

0.5mm/min. Composite was fabricated by applied 

pressure from 0.4MPa to 0.7MPa. Temperature of 

molten alloy is 1173K. The environment controls the 

vacuum and the atmosphere respectively. 

  
Fig.5. Indentation load versus displacement of (a) 

fiber (b) interface between fiber and the interfacial 

layer (c) the interfacial layer (d) interface between 

fiber and the interfacial layer (e) matrix. 

 
Fig.6. Young’ modulus and indentation hardness from 

each position. 

 

Fig.7. shows the result of relationship flexural 

strength and relative density for each condition. The 

relative density increases when applied pressure 

increases. The Al2O3 reinforced A366 composite of 

the relative density 99% was fabricated under applied 

pressure of 0.7MPa and in the vacuum. 

Flexural strength of the composite that the 

fabrication condition was made by applied pressure 

of 0.4MPa and in air is 226.21±12.36MPa. Flexural 

strength of the composite that the fabrication 

condition was made by applied pressure of 0.7MPa 

and in air is 246.34±1.89MPa. Flexural strength of 

the composite that the fabrication condition was 

made by applied pressure of 0.7MPa and in vacuum 

is 276.85±12.41MP. Flexural strength of the 

composite fabricates by applied pressure, 0.7MPa 

and vacuum was the highest compared to other 

composites. 

Fig. 8 shows the dependency of flexural strength for 

relative density. However, when the relative density 

 
Fig.7. Result of relationship flexural strength and 

relative density. 
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was 99%, flexural strength has increased by 35% or 

more compared with the matrix (192MPa [12]). 

Fig.9. shows SEM image of fracture surface of 3 

point bending test specimen. The crack propagation 

around fiber was observed from the fracture surface. 

Almost crack was propagated to the interface 

between fiber and the interfacial layer, between 

interfacial layer and the matrix. The crack was 

observed to propagate in the interface with low 

hardness and low Young’s modulus.  

  
Fig.8. Relationship of flexural strength and relative 

density ofAl2O3/A366 composite.  

 

4. Conclusions 

This paper clarifies the microstructure and 

mechanical properties of interface between alumina 

fiber and the matrix. The important results are listed 

below. 

1) SiO2 binder is very clear and bonds directly with 

matrix and fiber. SiO2 binder layer was changed to 

the γ-Al2O3, MgO by the reaction between the Al 

liquid and the SiO2 binder. MgAl2O4 was also 

confirmed in the Al2O3 fiber. Fiber was changed to 

the MgAl2O4 by reaction between the α-Al2O3 and 

the MgO. 

2) Young’s modulus and indentation hardness of 

each position has the same value of MgAl2O4, 

γ-Al2O3, MgO. Almost crack was propagated to the 

interface between fiber and the interfacial layer, 

between interfacial layer and the matrix. The crack 

was observed to propagate in the interface with low 

hardness and low Young’s modulus. 
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